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The  particle  size  of  RDX  recrystallised  from  cyclohexanone  (Grade  A 
Class  1)  is  much  larger  than  that  of  milled  and  boiled  RDX  (Grade  E  Class  1), 
and  as  a  consequence  the  recrystallised  RDX  is  subject  tc  a  larger  sedimentation 
during  casting  of  RDX/TNT /Beeswax  compositions.  However  this  sedimentation 
occurs  largely  from  t'ne  top  of  the  casting,  chi  eh  is  normally  discarded,  and 
the  density  and  RDX  distributions  of  pressure  castings  produced  in  the  MRL 
experimental  moulds  using  either  recrystall i sed  or  milled  and  boiled  RDX  appear 
to  be  satisfactory. 

The  RDX/TNT /Beeswax  compositions  derived  from  recrystallised  RDX  are 
less  sensitive  to  shock  initiation  than  are  those  derived  from  milled  and 
boiled  RDX,  but  there  are  indications  that  they  may  be  more  sensitive  to 
impact. 
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!.  T  NTRODl'CT  I  ON' 


Until  recently  the  Australian  manufacturing  pnvess  for  RDX  has  included 
as  the  penultimate  stage  a  mill  in"  and  boiling  step  designed  to  break  down 
crystalline  aggregates  and  to  remove  traces  of  residual  acid.  This  grade  of 
RDX  is  designated  RDX  Grade  B  Class  1.  Tn  the  mid  ICAO's  'Kinitions  Filling 
Factory  Ft  Mnrv’s  experienced  difficulties  loading  into  shells  Composition  R 
(RDX/ TNT  60/40  with  1%  added  Beeswax)  prepared  from  this  milled  and  boiled 
RDX,  due  to  high  and  sometimes  variable  viscosity  of  the  molten  slurry 
[1-4].  Tt  was  found  that  the  viscosity  of  this  material  increased  with 
stirring,  that  the  rate  of  viscosity  increase  was  dependent  on  the  rate  of 
stirring,  and  that  the  viscosity  increase  could  be  partial lv  reversed  by  verv 
rapid  stirring.  On  the  other  hand  Composition  B  prepared  from  the  coarser- 
grained  UK  Bridgwater  RDX  (recrysta II i sed  from  cyclohexanone)  showed  a  very 
much  smaller  increase  in  viscosity  with  stirring,  and  it  was  demonstrated  thaf 
the  undesirable  high  viscosities  were  associated  with  the  presence  of 
excessive  quantities  of  "fines"  in  the  RDX.  It  was  concluded  that  in  practice 
there  was  little  kfF'F  could  do  to  reduce  the  viscosity  of  unpourahle  RDX /TXT, 
and  that  the  only  satisfactory  method  of  ensuring  that  an  RDX /TNT  lot  was 
acceptable  was  to  control  carefully  the  RDX  particle  size  distribution.  The 
only  reliable  method  was  to  use  recrystallised  RDX.  In  the  meantime  pourable 
RDX/ TNT  compositions  were  obtained  by  reducing  the  content  of  milled  and 
boiled  RDX  to  55%. 

In  the  light  of  these  recommendations  AF.F  introduced  a  recrystallisation 
from  cyclohexanone  as  the  final  step  in  the  manufacture  of  RDX,  and  the 
material  so  produced  was  designated  RDX  Grade  A  Class  1.  In  lD77-78  Materials 
Research  laboratories  commenced  using  RDX/TNT/Beeswax  prepared  from  this 
recrvstallised  RDX  in  its  experimental  casting  and  machining  programmes. 
Preliminary  examination  showed  that  the  composition  60/40/1  had  a  low  efflux 
viscosity  of  8.2  s,  and  that  this  viscosity  changed  verv  little  with  stirring 
[5],  (This  early  hatch  of  recrvstallised  RDX  was  subsequently  shown  to  have  ■< 
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particle  size  somewhat  lower  than  the  norm,  and  a  more  representative  eft  lex 
viscosity  is  (5.2  s  [hi.)  However  Stokes'  Law  indicates  that  an  increase  in 
particle  size  is  accompanied  by  an  increase  in  the  rate  of  sedimentation,  and 
during  routine  casting  experiments  with  this  composition  it  was  noticed  that  a 
degree  of  segregation  or  sedimentation  of  the  RDX  did  occur  to  leave  a 
"collar"  of  TNT  at  the  top  of  the  header,  an  occurence  which  could  have  far- 
reaching  implications.  These  observations  were  confirmed  hv  similar 
sedimentation  in  experimental  105  mm  shell  and  SI  mm  mortars  filled  at  M;:K  St 
Marys  with  RPX./TNT  prepared  from  recrystallised  RPX.  Further  misgivings  were 
felt  when  it  was  found  at  MRL  that  experimental  charges  of  Composition  B  based 
on  roc rvstall  ised  RPX  could  not  he  initiated  reliably  by  a  standard  exploding 
bridgewire  (EBW)  detonator,  viz  the  Scale  I  Cap  Test  Donor.  A  programme  of 
work  was  therefore  initiated  to  evaluate  the  extent  of  sedimentation  of 
recrystallised  RPX  in  RDX/TNT  compositions,  to  evaluate  changes  in  safety  and 
reliability  of  these  compositions  due  either  to  this  sedimentation  or  to  the 
intrinsic  differences  in  the  RDX  used,  and  tc  eliminate  or  alleviate  this 
sedimentation  should  that  be  deemed  necessary. 


2.  RPX  PARTICLE  ST7-F.  DISTRIBUTION 


RDX  Grade  B  Class  1  (milled  and  boiled)  was,  and  RPX  Grade  A  Class  1 
(recrystallised  from  cyclohexanone)  is,  produced  at  Albion  Explosives  Factory 
bv  the  Woolwich  process  (direct  nitration  of  hexamine)  and  both  conform  to  the 
Australian  Defence  Standard  DF.F  (AUST)  5382.  The  characteristics  which  show 
differences  between  the  two  grades  of  explosive  are  listed  in  Table  1  below. 

For  reasons  of  safety  RDX  is  normally  stored  in  .Australia  as  a  slurry  in 
water  (ca  40%  w/w).  At  MRL  this  water  is  removed  prior  to  use  by  filtration 
followed  by  drying  to  constant  weight  at  70°C,  and  the  drv  RPX  is  packaged  in 
1  kg  lots.  Duplicate  25  g  samples  of  dried  recrystallised  RDX  were  taken  from 
five  such  packages  using  the  coning  and  quartering  technique.  Each  sample  was 
slurried  in  water  containing  a  little  detergent  and  subjected  to  wet  sieve 
analysis.  The  slurry  was  poured  into  the  coarsest  sieve,  which  was  immersed 
in  water  until  the  solid  was  just  covered  and  the  wet  RPX  was  passed  through 
the  sieve  by  gentle  agitation  by  hand  for  ten  minutes.  The  material  retained 
on  the  sieve  was  transferred  to  a  weighed  Gooch  crucible  and  dried  to  constant 
weight  at  65°C.  The  RDX  passing  through  the  sieve  was  transferred  to  the  next 
sieve,  and  the  process  was  repeated.  Sieving  losses  were  found  to  he  in  the 
range  1-2%.  Results  of  the  ten  sieve  analyses  are  shown  In  Table  2,  together 
with  an  average  particle  size  distribution  for  recrystallised  RDX.  To  aid 
visual  assimilation,  these  data  are  shown  in  histogram  form  in  Figure  1, 
together  with  data  obtained  by  Eadie  and  Milne  for  the  milled  and  boiled  RDX 
[11. 


2 


TABLE  1 


EXTRACT  FROM  RDX  SPECIFICATION’  DEF  (AUST)  5382 


No 

Characteristic 

Grade  A 

Class  1 

Crade 

Class 

B 

1 

4 

Acidity 

(a)  Total  acidity  as  HNO^, 

0.015  max 

0.05 

max 

(b)  Occluded  acidity  as  HNO^,  X 

0.01  max 

0.035 

max 

8 

Cyclohexanone,  % 

0.2  max 

- 

11 

Particle  Size  Distribution 

Retained  on  850  pm  AS  Sieve,  7 

Nil 

Nil 

Retained  on  500  pm  AS  Sieve,  7 

2.0  max 

2.0 

max 

Retained  on  300  pm  AS  Sieve,  % 

2  5  max 

25 

max 

1 

Total  passing  75  pm  AS  Sieve,  t 

12  max 

A0 

max 

Data  from  sieve  analyses  may  be  treated  statistically  in  a  number  of 
ways  to  generate  values  descriptive  of  the  particle  size  distribution. 

A  weight  average  is  given  by 


n  =  Tv.  u./y.w, 
w  i  i  i 


where  Wj  is  the  weight  of  a  sieve  cut  and  p^  is  the  average  particle  diameter 
of  that  cut,  while  a  number  average  is  given  by 


where 


^Vi^i 


w  /  ~ 
V  3 


*  o(^) 
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In  this  treatment  more  importance  is  placed  on  the  tiner  particles. 
Alternatively  the  median  size  of  the  sample,  the  mid-point  in  the  distribution 
where  half  the  weight  of  RDX  is  larger  and  half  is  smaller,  can  be 
interpolated  from  a  plot  of  cumulative  weight  percent  undersize  (or 
oversize).  These  values  were  determined  for  the  recrystallised  RDM,  and  arc- 
presented  in  Table  1  together  with  the  corresponding  values  ohtained  for 
milled  and  boiled  RDX  [1], 

T  A  R  h  L  1 

VA1.TKS  FOR  RDX  PARTICLF  SIXF.  0  T  STR  I  Ri'TT  0\’R 


1 

i 

1 

- j - 

tirade  A  Class  1  j  tirade  B  Class  ! 

(Recrvstallised)  j  (  K*i  1  led  and  Rolled) 

. 

t  Weight  Average 

i 

2  2  8  u  n  9s;jh 

|  Number  Average 

89  pm  ,  4  8  um  1 

'led  i  an 

2  86  |im  7  8  gr.  j 

It  is  inteiestinr  to  note,  however,  that  the  two  grades  of  RPX  both  Lav 
bulk  powde^  densities  of  about  1.18  .'k/m  (experimental  values  of  1.1  Ri  and 
1.177  Ifc/m  were  obtained  by  the  ret rysta 1 1 i sed  and  milled  and  boiled 
ma  ter i a  Is  re spec  t i ve 1 v  )  . 

Photomicrographs  of  the  two  grades  of  Rnx  using  oil  as  dispersant  ire 
shown  in  Figure  7.  The  recrystallised  RDX  is  seen  as  discrete,  well-formed 
particles,  while  the  milled  and  boiled  RDX  contains  a  large  number  of  much 
smaller  crystals  which  tend  to  be  present  as  large  aggregates.  Rb\  has  the 
same  refractive  index  as  bromoform,  and  photomicrographs  were  also  prepared 
using  that  liquid  as  dispersant  in  an  attempt  to  examine  internal 
discont  inuties  in  the  RDX.  However  as  Figure  8  shows,  these  efforts  wc  r.- 
unrewarded,  as  no  conclusive  evidence  was  obtained. 

Tt  has  already  been  noted  that  the  greater  sedimentation  of  the  larger 
recrvstallised  RDX  in  molten  TNT  follows  from  Stokes’s  Law 

V  =  2g  (p2  -  Pj).r“ 

9n 

which  relates  the  rate  of  sedimentation  (V)  to  the  density  of  the  solid  and 
liquid  phases  (p0  and  ),  the  radius  of  the  solid  particles  (r)  and  the1 
viscosity  of  the“liquid  (h).  The  rate  of  sedimentation  of  a  dilute  suspension 
of  a  solid  through  a  liquid  can  also  he  used  to  measure  particle  size,  and  one 
instrument  used  for  this  purpose  is  the  Shimadzu  8ed inentograph  Tvpe  SA-2. 


This  apparatus  consists  of  a  balance  beam,  from  one  arm  of  which  hangs  a  pan 
in  a  beaker  containing  the  powder  under  test  suspended  in  an  appropriate 
liquid.  The  recommended  concentration  is  4-20  g  in  400  ml.  The  weight  of 
powder  falling  on  the  pan  trips  an  electrical  contact,  which  in  turn  releases 
a  bearing  ball  counterweight  from  a  ratchet  wheel  reservoir  to  fall  at  the 
other  end  of  the  beam  and  break  the  electrical  contact.  The  ratchet  wheel  is 
connected  to  the  pen  of  a  drum  chart  recorder,  whose  speed  is  regulated  by  a 
set  of  gear  wheels.  A  typical  chart  record  is  given  in  Figure  4. 

The  Shimadzu  Sedimentograph  SA-2  was  used  to  estimate  the  particle  size 
distribution  of  both  recrystallised  (Grade  A  Class  1)  and  milled  and  boiled 
(Grade  B  Class  1)  RDX  samples.  The  suspension  medium  was  ethane-diol 
(ethylene  glycol,  specific  gravity  1.11  Mg/m”^  and  coefficient  of  viscosity 
0.199  poise).  The  rates  of  sedimentation  are  illustrated  in  Figure  5,  and  the 
cumulative  undersize/particle  diameter  profiles  derived  from  them  are  shown  in 
Figure  6.  The  curves  for  the  milled  and  boiled  RDX  were  independent  of  the 
concentration  of  the  suspension,  and  the  particle  size  distribution  was 
indistinguishable  from  that  obtained  by  sieve  analysis.  However  the 
sedimentation/time  curve  for  recrystallised  RDX  did  vary  with  the 
concentration  of  the  suspension,  and  the  particle  size  distributions  obtained 
were  not  identical  with  that  obtained  from  sieve  analysis,  although  thev  fell 
in  the  same  general  region.  The  significance  of  this  variation  with 
concentration  is  not  entirely  clear,  but  it  is  probable  that  the  particle  size 
of  recrvstallised  RDX  is  close  to  the  upper  limit  practical  by  this 
technique.  However  molten  TNT  at  85°C  has  a  specific  gravity  of  1.45  fig/m-5 
and  a  coefficient  of  viscosity  of  0.120  poise  [7]  so  that  the  curves  in 
Figure  5  should  give  a  fair  pictorial  representation  of  the  sedimentation  of 
liilutc  suspensions  of  the  two  RDX  grades  in  TNT  at  85°C. 


3.  DENSITY  AND  RDX-CONTF.NT  OF  EXPERIMENTAL  RDX/ TNT  EASTINGS 


At  MRL  a  pressure  casting  facility  is  normally  used  to  prepare  the  good 
quality  high  density,  crack-free  experimental  TNT  based  charges  required  for 
subsequent  machining  [8],  Two  mild  steel  pressure  moulds  are  available  of 
diameters  2  V2  and  3  V2 inches  (64  and  89  mm),  requiring  about  2.6  and  4.2  Kg  of 
explosive  respectively.  The  2  V2 inch  pressure  mould  is  shown  in  Figure  7. 

The  explosive  composition  is  melted  in  a  jacketted  kettle  and  held  at  85°C 
with  constant  stirring.  The  pressure  mould  is  assembled  and  water  at  85°C  is 
circulated  through  both  jackets  for  15  minutes  to  allow  the  mould  temperature 
to  reach  equilibrium.  The  pressure  mould  is  then  filled  with  molten  explosive 
to  within  V2 inch  (about  1  cm)  of  the  top.  The  filling  is  stirred  gently  with 
a  wooden  rod  to  remove  air  bubbles  adhering  to  the  sides,  and  the  mould  is 
closed.  Air  pressure  (50  psl,  340  kPa)  is  applied,  and  the  temperature  of  the 
water  circulating  in  the  bottom  jacket  is  reduced  to  55°C  while  keeping  that 
circulating  in  the  top  jacket  at  85°C.  These  conditions  are  maintained  for 
one  hour,  after  which  the  water  circulation  to  both  jackets  is  stopped  and  the 
mould  is  allowed  to  cool  overnight  under  the  50  psi  (340  kPa)  air  pressure. 


The  portion  maintained  at  85°C  in  the  top  half  of  the  mould  (the  header)  ; 
normally  discarded,  hut  in  this  investigation  if  was  examined  along  with  the 
lower  half. 

Pressure  cast  charges,  both  2  V?  and  3  Va  inches  (64  and  39  mm),  w.-r. 
prepared  in  this  manner  from  the  RDX/TNT/  Beeswax  compositions  6 ' '  4  ■  • '  1  and 
65/49/1  using  both  the  recrystallised  RDX  and  the  milled  and  boiVd 
material.  These  castings  were  then  cut  and  faced  to  5/8  inch  M6  nr. )  tnid; 
discs,  from  which  were  machined  prisms  5/8  x  3/8  x  3/8  inch  ( 1 n  x  9  x  9  nn) 
for  determination  of  density  and  RDX  distributions.  The  disposition  of  the 
discs  and  prisms  is  illustrated  in  Figure  8.  The  densities  of  the  prisms  were 
measured  by  water  displacement  after  first  solvent-coating  with  a  film  of 
paraffin  wax,  while  RDX-content  was  determined  gravimetr icaily  after  solvent 
extraction  of  the  TNT  and  wax  with  toluene.  In  general  the  porosity  and 
fragility  of  the  header  tops  made  machining  of  these  portions  impossible,  and 
the  RDX-content  of  fingers  or  even  whole  discs  was  measured.  The  porositv  and 
irregularity  of  these  segments  prevented  density  measurements  being  carried 
out.  Density  and  RDX  distributions  of  typical  castings  are  given  in  the 
Appendix.  It  should  be  noted  that  duplicate  and  triplicate  castings  were 
prepared,  machined  and  analysed  for  most  compositions,  and  that  consistent 
results  were  obtained. 

It  was  apparent  that  two  separate  processes  Occur  during  casting  of 
RDX/ TXT  compositions,  namely  sedimentation  of  the  particulate  RDX  and  a  16,'.' 
contraction  of  the  TNT  matrix  on  solidification.  then  the  finer  milled  and 
boiled  RDX  was  used  the  rate  of  sedimentation  was  low  and  the  TNT  tended  to 

drain  away  from  the  top  of  the  header  to  leavr  a  porous  conical  region  which 

was  deficient  in  TNT  and  rich  in  RDX.  When  the  coarser  recrvstallised  RDX  was 
used  the  rate  of  sedimentation  was  much  higher,  and  there  remained  a  "collar" 
of  TNT  around  the  top  of  the  header  (3D  mm  for  the  composition  60/40/1  and 
50  nm  for  the  55/45/1)  from  which  the  RDX  had  settled.  Immediately  below  this 
collar  a  small  porous  conical  region  could  be  observed  in  the  centre  of  the 
header  which  was  slightly  deficient  in  TNT  and  rich  in  RDX.  The  55/45/1 
composition  prepared  from  milled  and  boiled  RDX  showed  a  narrow  collar  free 
from  RDX  ( ca  8  mm),  but  the  60/40/1  composition  showed  no  such  visible  collar, 

although  the  top  of  the  header  was  slightly  low  in  RDX. 

The  remainder  of  the  recrystallised  RDX/TNT/Beesvax  60/40/1  castings 
contained  58-66/.'  RDX,  the  interior  being  in  the  range  62-66%  RDX.  The  55/45/ i 
castings  contained  54-64%  RDX,  the  major  portion  being  58-62%.  The  milled  and 
boiled  RDX/TNT/Beeswax  60/40/1  castings  contained  58-63%  RDX  the  hulk  being 
60-63%,  while  the  55/45/1  compositions  contained  53-59%,  the  major  portion 
being  55-59%.  The  densities  of  the  compositions  containing  recrystallised  RDX 
were  largely  in  the  range  1.69-1.71  1^/m  and  those  containing  milled  and 
boiled  RDX  1.68-1.70  ?<g/m^,  with  the  exception  of  the  conical  regions  from 
which  the  TNT  had  drained  during  solidification,  which  had  a  somewhat  lower 
density.  Thus,  although  the  recrystall i sed  RDX  is  subject  to  greater 
sedimentation  and  the  charges  do  tend  to  have  a  slightly  wider  (and  higher) 
range  of  RDX  content  than  those  prepared  from  the  milled  and  boiled  material, 
the  adverse  effects  in  MRL  experimental  pressure  castings  are  by  no  means  as 
drastic  as  was  originally  feared.  It  is  pertinent  to  note  that  Popolato 
expects  composition  spreads  of  2-4%  RDX  and  density  spreads  of  the  orde-r  of 


0.01  Mg/m  (7).  On  the  other  hand  Humphris  and  Thomson  found  RDX 
concentrations  in  the  range  ca  4  5—6  3^  and  densities  of  1.63-1. 6ft  Mg/m  in 
105  mm  shell  filled  at  MFF  St  Marys  with  RDX/TNT/Beeswax  55/45/1  prepared  from 
milled  and  boiled  RDX  [9].  Clearly  the  MRL  experimental  pressure  castings 
prepared  to  either  composition  and  with  either  grade  of  RDX  are  of 
significantly  better  quality. 

It  would  appear  then,  that  although  the  increased  rate  of  sedimentation 
of  the  recrystallised  RDX  alters  the  processes  which  take  place  during  casting 
of  RDX/TNT/Beeswax  compositions,  the  quality  of  the  fillings  so  produced  is 
not  significatly  inferior  to  that  of  fillings  based  on  milled  and  boiled 
RDX.  This  is  particularly  true  if  one  can  disregard  the  top  of  the  header, 
which  is  normally  discarded  from  either  experimental  castings  or  production 
shell  fillings.  It  was  intended  to  examine  RDX  sedimentation  and  its  effects 
in  shell  filled  with  recrystallised  RDX/TNT/Reeswax  in  a  normal  production 
run.  However  although  production  of  milled  and  boiled  RDX/TNT/Beeswax  has 
ceased  the  new  material  is  not  yet  in  use  at  MFF  St  Marys,  and  it  is  felt  that 
this  examintion  would  be  best  delayed  until  that  time. 

Some  consideration  has  been  given  to  possible  remedial  action,  should 
the  extent  of  sedimentation  observed  be  deemed  unacceptable.  Limiting  the 
extent  of  sedimentation  could,  be  achieved  by  limiting  the  time  of 
sedimentation  or  by  controlling  its  rate.  The  time  of  sedimentation  could  be 
reduced  by  reduction  of  the  casting  temperature  or  bv  increasing  the  cooling 
rate  (provided,  of  course,  that  the  quality  of  the  filling  -  integrity, 
resistance  to  cracking,  etc  -  is  not  degraded).  However  no  change  in  the 
extent  of  sedimentation  could  be  detected  in  a  limited  series  of  experiments 
in  which  the  casting  temperature  (and  the  upper  jacket  temperature)  was  varied 
between  82  and  87°C,  and  the  lower  jacket  temperature  between  50  and  55°C.  It 
may  be  pertinent  to  note,  as  shown  in  Figure  9,  that  the  efflux  viscosity  of 
recrystallised  RDX/TNT  60/40  varies  little  over  the  temperature  range  85-95°C 
[6].  The  rate  of  sedimentation  might  be  controlled  either  by  reduction  of  the 
RDX  particle  size  or  by  increasing  the  viscosity  of  the  RDX/TNT/Beeswax 
slurry.  This  must  be  achieved  without  re-introducing  the  unacceptable 
increase  of  viscosity  with  stirring,  presumably  ruling  out  reduction  in  the 
RDX  particle  size.  However  it  has  been  shown  that  an  increase  in  the 
concentration  of  RDX  can  effect  a  significant  increase  in  the  efflux  viscosity 
of  recrystallised  RDX/TNT  compositions,  and  that  the  viscosity  does  not 
increase  further  with  prolonged  stirring  [6].  These  results  are  illustrated 
in  Figure  10.  Such  an  increase  in  the  RDX  concentration  would  also  confer  a 
marginal  improvement  in  the  explosive  performance  of  the  composition,  which 
may  be  an  additional  benefit.  Another  possible  solution  is  the  incorporation 
of  an  additive  such  as  nitrocellulose  (NC)  [10]  or  cellulose  acetyl  butyrate 
(CAB)  [11].  It  has  been  shown  that  quite  small  quantities  of  these  additives 
can  increase  the  viscosity  of  RDX/TNT,  without  causing  the  unwanted  side 
effects  (see  for  example  Figure  11  [6]). 
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Fv  FIT'S' ye  SF.VSITI  VITV  OK  FV  !’FR  I VK  VT  A!.  K''V';-t  ri:.v 


The  s.afetv  of  on  exp] os  S  ve  filling;  during  hand!  in.:  and  opera t  ion  a n  i  i  *  >- 
re  I  i  )Mt‘  f unct  ioning  on  arrival  it  the  target  are,  ->r  Ln'ir^r,  of  piriti-n:'t 
irpirt.uKi  .  It  is  now  central  Iv  avu  pted  that  the  pres«n«..*  '>•'  «.  rad-:*-  rv* 
other  imperfections  it:  the  i-xplosiw  uinti  ihutes  signi  r  ic.ant  ]••  to  tve 
i  it  i  of  gun-prenatures  in  shell  fill".,  with  TVT-based  •  omens  i  t  i  op.  ■■ .  hj, ' 

Lr  la's  nav  he  the  result  of  thernal  stresses  produced  K-  tinl  ;  ■  and 

contraction  of  the  casting,  physical  stresses  due  to  rough  handling,  rr  the 
set  Kick  forces  imposed  on  the  shell  hv  the  gun.  Tie-  physical  strength  ■te  t'-e 
explosive  compositions  must  therefore  he  considered.  From  a  survey  c.f  work 
cirried  out  it  •'Rl.  f  hi ,  it  was  established  that  pressure  va«t  itov  'p:T  He.-.c  ,•••>>: 
rv'  .  '1  prepare  .1  f  nn  recrvstal  Used  RDM  has  an  ultimate  .  c-pres'-i  vr  str.  -  gf '• 
of  .•ni l!.-  'Ta,  compared  with  a  value  of  2-"'.7  "Pa  for  pressure  cast 
RVX’T'.'T  bee  v>”.  '".'is'!  h  a  s  * » d  on  the  milled  and  boiled  RPX.  ’’I',  is  rodiicti  e- 
st  ren.:t  ’■  •>’  ilre.i  !v  weal  and  ‘'tittle  composite  could  he  critical, 

-nr!  i .  ul  i  r  1  v  ;•  is  k.  •v-pani -d  hv  an.  increase  in  the  sersi  t  i  vi  tv  of  t'-e 

i  ;•/•••  ’**  .  •*  •  •  c  ‘  .  i  *'  c  :  1  *■'.  t!  TO  T1  /  t  P.  r>f  th«-  t*  c.  T '•’<  t  rT  ]  1  1  c  tr*  ®  P’v  '  T^*T  !<,--<  5 

,c  ;  t  in-.-  wi  1 1  therefor-  he  the  subject  of  further  examination. 

i  t  "e<t  is  used  f>  assess  the  serssiti  vi  tv  of  a  sped  f .. 

-  cf  •■■■:•  ’  v>  i--r  to  initi  iti-'-n  hv  impact.  It  hns  been  shown  that 

the  sNare  rid  s«  -•*  the  granules  can  have  a  profound  ef  feet  or.  t^e  i-na.  t 
sen  •  i  t  i  vi :  v  f  ar.  explosive,  and  the  Rotter  Impact  lest  is  therefore  m 
inarm  :ri  it>  rest  f  -r  i  cast  composition.  However  it  nav  >>e  pertinent  t ~ 

-■  te  that  I'M  :  -  !  •  ••thvl  -.-ne  wax  compositions  based  on  the  recrvstalli  c*-d  ” :  v 
arc-  consistent  sensitive  than  those  containing  milled  and  boi  Vi  'S' y 

f  1J ! .  Tin's  ts  the-  reverse  of  the  result  anticipated  simply  on  the  Kasis 
the  particle  s i ze  of  the  RDX,  and  has  been  attributed  to  the  presence 
occ  luded  c>’c  1-diexanone  remaining  from  the  recrvstal]  i«at ton  process. 

Tl,.'jrc  is  no  convenient  test  at  MR  I.  to  assess  the  sensiti  vi  ty  “ 
explosive  dirges  to  impact  or  sec  hack.  An  'astral  ian  version  of  •  ■  e 
ficatinny  Arsenal  “Setback  Simulator”  lias  been  used  in  the  past  '  !  " ,  ‘  :* 
suffered  from  cost,  a  difficult  and  tedious  process  to  set  -ip  the  : 

before  each  firing,  problems  of  experimental  reproducibility  due  f>  vent i - 
reaction  products,  and  frequent  extrusion  of  explosive  f run  the  test 
assembly.  These  shortcomings  appear  to  have  been  overcome  in  tl,e  R.AKv  r 
Vertical  .Vtivatir  [14] .  In  this  apparatus  the  test  assembly  of  the  s,- :  ha .  '• 
Simulator  was  retained,  hut  turned  vertical  1  v  so  that  the  move  a  hi  c-  nu-ic''  c  d 
he  driven  hv  the  impact  of  a  falling  weight  rather  than  hv  a  prorel 1 a"t 
charge.  Sealing  of  air  cavities  of  accurately  reproducible  sire  was  icd.-ved 
hv  the  inclusion  of  dished  polvethvlene  discs  above  and  he  law  the  exr  1  os  v.  , 
This  test  is  to  he  adopted  at  “Rh,  and  it  will  he  applied  to  the  ciirr«-t 
problem  as  an  earlv  priori  tv. 

The  se-isitivitv  of  an  explosive  to  initiation  hv  sir-cl.  wv.vs  is  i  si ;  re  d 
at  "Rl.  using  an  adaptation  of  the  Hap  Test  described  by  (An  bin  and  ■>  i  t  bread 
[1  i|.  Hrieflv,  a  standard  detonator  (normally  the  Scale  T  r-ap  Test  Aeior. 
comprising  an  exploding  hridgewire  to  initiate  a  low  density  FFTV  >-.,rge  which 
detonates  a  h  i  gh  density  Pl'TN  pellet)  generates  a  standard  shock  which  i 


attenuated  by  a  stack  of  laminated  0.05  mm  brass  shims  25  mm  square.  The 
attenuated  shock  strikes  the  test  explosive,  usually  a  pellet  about  12.5  mm  In 
diameter  and  25  mm  long,  resting  on  a  mild  steel  witness  block.  The  thickness 
of  laminated  brass  barrier  is  varied  according  to  the  Bruceton  Staircase 
procedure  [16]  to  determine  the  critical  gap,  the  thickness  of  brass  required 
to  prevent  507.  of  detonations  in  the  test  explosive. 

However  it  has  already  been  noted  that  the  recrystallised 
RDX/TNT/Beeswax  compositions  could  not  be  detonated  reliably  by  the  Scale  I 
Gap  Test  Donor  without  any  barrier,  and  this  initiating  source  was  therefore 
boosted  by  the  inclusion  of  a  second  high  density  PETN  pellet  to  give  the 
Scale  II  Gap  Test  Donor.  The  shock  sensitivity  of  the  four  pressure  cast 
RDX/TNT/Beeswax  compositions  (recrystallised  and  milled  and  boiled  RDX,  both 
60/40/1  and  55/45/1  compositions)  relative  to  this  initiation  source  were 
measured,  and  the  results  are  given  in  Table  4.  It  is  noted  that  the 
compositions  formulated  from  recrystallised  RDX  are  much  less  sensitive  (i.e. 
have  a  much  smaller  critical  barrier  thickness)  than  those  including  the 
milled  and  boiled  RDX.  These  results  are  fully  in  accord  with  expectations  on 
the  basis  of  particle  size  and  specific  surface  area  of  the  RDX  component. 
However  this  reduction  in  sensitivity  is  not  sufficient  to  cause  problems  with 
reliable  initiation.  It  is  also  noted  that  there  is  a  small  but  consistent 
dependence  of  shock  sensitivity  on  the  RDX  content,  with  the  RDX/TNT/Beeswax 
60/40/1  compositions  being  slightly  more  sensitive  than  the  corresponding 
55/45/1  formulations. 


TABLE  4 


SENSITIVITY  OF  PRESSURE  CAST  RDX/TNT/BEESWAX  COMPOSITIONS  TO  SHOCK 
INITIATION  BY  SCALE  II  GAP  TEST  DONOR  (CRITICAL  BRASS  BARRIER 
THICKNESS,  MM  (STANDARD  DEVIATION)) 


55/45/1 

60/40/1 

Recrystallised 

RDX  (Grade  A 

0.423  (0.012) 

0.500  (0.019) 

Class  1) 

Milled  and 
Boiled  RDX 
(Grade  B  Class  1) 


0.86B  (0.014) 


1.032  (0.018) 


s.  ro\n.  I's  [ons 


The  partible  size  at'  rtvrvst.i  1  1  i  sed  RPX  (Grade  A  Class  ])  j  ^  mu,  *’  ta'a-r 
than  that  of  milled  and  boiled  RDX  (Grade  K  Glass  If,  and  is  a  ,.on  s,  a  no  n,  e  r'  .• 
res  rvsta  1  1  i  sed  RPX  is  subject  to  a  t  inter  sedimentation  during  costing  ■; 
RPX/TNT/ Beeswax  compos  i  t  ions.  However  this  sedimentation  nL,nrs  largely  f  r 
the  top  of  the  casting,  which  is  norma  1 1  v  discarded,  and  the  densitv  ind 
distributions  of  pressure  tastings  produced  in  the  l,R!.  experircnt.nl  moulds 
using  either  rt -i.rvst.il  1  ised  or  milled  and  boiled  RPX  are  better  than  thus, 
found  in  l^S  nn  shell  filled  with  milled  and  boiled  RPX/TNT/ beeswax  '■  i1 ..  s  >  1 
during  normal  production  at  *tpy  St  'larvs.  IVnsitv  and  RPX  distributions 
should  also  be  measured  tor  stores  filled  with  res rvsta 1 1 i sed  R"i\/TVT ' Beeswax, 
but  this  material  has  not  vet  been  used  in  production.  However  it  is  no 
longer  expected  that  the  use  of  this  composition  will  cause  tnv  difficulties 
in  this  regard. 

Should  the  sedimentation  of  rec rvsta 1 ! ised  RPX  in  stores  f i 1 1.1  wit' 
Composition  B  still  cause  problems  several  possible  remedies  present 
themselves.  Variation  of  casting  temperatures  and  cooling  rates  d  >  not  appear 
to  he  effective,  but  an  increase  in  the  RPX  concentration  or  the  :  u.iusi  on  o’" 
additives  such  as  nitrocellulose  or  cellulose  .icetvl  butvrate  seem  possible 
si>  1  n  t  i  on  s  . 

The  use  of  rocrystal 1 i sed  RPX  in  place  of  the  milled  and  boiled  grad<  in 
cast  RPX/ TNT  compositions  significantly  reduces  their  ultimate  compressive 
strengths,  and  further  work  will  he  directed  towards  measurement  of  mechanical 
properties  of  these  materials.  There  are  indications  that  the  compositions 
based  on  recrvstal 1 i sed  RPX  may  be  more  sensitive  to  impact,  and  the  Vertical 
Activator  will  He  used  to  examine  these  compositions  in  more  dot  si 1 .  On  the 
other  hand  the  RPX  ''TNT 'Beeswax  compositions  derived  from  rec  rys  t  a  1  li  sc  i  RPV 
.ire  less  sensitive  t initiation  hv  she  _k  waves,  although  not  stiff  icient  !  v  to 
cause  problems  with  reliable  initiation  it  service  stores. 
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PARTICLE  SIZE.  /urn.  (y) 


(i)  RDX  Grade  A  Class  1  (Recrvstallised  for  Cyclohexane) 


PARTICLE  SIZE.  /urn.  (x) 


(11)  RDX  Grade  B  Class  1  (Milled  and  Boiled),  from  Ref.  1. 


FIGURE  1. 


RDX  PARTICLE  SIZE  DISTRIBUTIONS 
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(a)  RDX  Grade  A  Class  1. 


(b)  RDX  Grade  B  Class  1. 


FIGURE  3.  PHOTOMICROGRAPHS  OF  RDX  GRADES  DISPERSED 
IN  BROMOFORM 
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_6 .  PARTICLE  SIZE  DISTRIBUTION  OF  RDX  SEDIMENTOCRAPH 
RESULTS. 
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FIGURE  7.  MRL  2'/'  PRESSURE  MOULD  FOR  CASTING 
TNT-BASED  EXPLOSIVES. 
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FIGURE  10 


EFFFXT  OF  COMPOSITION  ON  VISCOSITY  OF 
RDX/TNT  PREPARED  FROM  RECRYSTALLISED  RV'A 


KlXKYS'l  AI. 1.1  SKI)  Ri)X  . 


Distribution  of  RDX  in  3  Vo  diameter  casting  RT  Q70,  nominal 
RDX/TVT/ Beeswax  60/40/1,  prepared  from  recrystallised  RDX. 


Distribution  of  RDX  in  2  72  diameter  casting  RT  974,  nominal  composition 
RDX/TNT/Beeswax  60/40/ 1,  prepared  from  recrystallised  RDX. 
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Distribution  of  Density  in  2  Vf  diameter  casting  RT  973,  nominal  composition 
RDX/TNT/Beeswax  55/45/1,  prepared  from  recrystallised  RDX. 
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Distribution  of  RDX  in  3  Vf  diameter  casting  RT  904,  nominal  composition 
RDX/TNT/Beeswax  60/40/1,  prepared  from  milled  and  boiled  RDX. 
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Distribut  ion  of  RDX  in  1  l/j  diameter  casting  RT  ROS,  nominal  composition 
RDX/TNT/ Beeswax  S  S/ 4  S/ I ,  prepared  from  milled  and  boiled  RDX. 


Distribution  of  density  in  3  V2  diameter  casting  RT  995,  nominal  composition 
RDX/TNT/Beeswax  55/45/1,  prepared  from  milled  and  boiled  RDX. 
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Distribution  of  RDX  in  2  Vj'  diameter  casting  KC  1,  nominal  composition 
RDX/TMT/Beeswax  55/4S/1,  prepared  from  milled  and  boiled  RDX. 
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Distribution  of  Density  in  2  Vf  diameter  casting  EC  1,  nominal  composition 
RDX/TNT/Beeswax  55/45/1,  prepared  from  milled  and  boiled  RDX. 
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